1. Introduction {#sec1}
===============

Osteoarthritis (OA), characterized by articular cartilage loss, subchondral bone remodeling, soft tissue damage and inflammation, is the most common form of arthritis and a major cause of disability in the adult population \[[@B1], [@B2]\]. OA is the main cause for hip and knee arthroplasties and therefore presents a major public health problem \[[@B3]\]. It is estimated by the World Health Organization Scientific Group on Rheumatic Diseases that 10% of the world\'s population over 60 have significant clinical problems that can be attributed to OA \[[@B4]\]. Data from Europe shows prevalence estimates ranging from 6% to 17% for knee OA and 2% to 10% for hip OA, indicating that OA has become the most frequent musculoskeletal disease \[[@B3]\]. Affecting 9.6% of men and 18% of women aged over 60 worldwide, symptomatic OA is one of the ten most disabling diseases with different proportions in each gender \[[@B5]\]. The etiology of osteoarthritis is still not fully understood because of its multifactorial effects, which can be considered the product of interactions between systemic and local factors within the joint \[[@B6], [@B7]\]. Systemic risk factors include age, ethnicity, gender, and genetic variables, while local risk factors are obesity, previous knee injury, occupational activities, and so on \[[@B8]\]. As for genetic variables, various expressions of growth factors and cytokines have been observed in synovial fluid and synovial tissues from patients with OA, within which resistin, an inflammatory cytokine, is one of those biomarkers \[[@B9]--[@B12]\].

Resistin, a kind of cysteine-rich secretory protein belonging to the resistin-like molecule found in the inflammatory zone (RELM/FIZZ) family, consists of 108 amino acid prepeptides which circulate as a dimeric protein consisting of two 92-amino acid polypeptides in human blood \[[@B13], [@B14]\]. Unlike rodents, whose main source of resistin is adipocytes, the main source of resistin in humans is mononuclear cells within and outside adipose tissue \[[@B15]\]. It has been reported that resistin takes part in glucose and peripheral lipid metabolism, which are related to metabolic diseases, diabetes, and hyperlipidemia \[[@B16]\]. Primarily produced by macrophages, there is some evidence that resistin may be involved with other immune cells and secrete proinflammatory factors in inflammatory diseases \[[@B17]\]. Studies have demonstrated that resistin is an inflammatory mediator and a biomarker of cardiovascular diseases \[[@B18]\]. Upregulation of resistin is in inverse association with most alimentary tract disorders in animal and human studies \[[@B13]\]. Resistin also plays important roles in nonalcoholic fatty liver disease, autoimmune disease, malignancy, asthma, chronic kidney disease, and bone metabolism \[[@B19], [@B20]\]. Evidence has shown that higher serum levels of resistin in patients with severe osteoarthritis (OA) compared to controls with no OA and resistin are detected in both serum and synovial fluid, proving its systematical and local involvement in inflammatory changes of OA \[[@B12], [@B21]\]. This could be explained by the role of resistin as an inducer of proinflammatory cytokines including TNF-*α*, IL-6, and IL-12 through the nuclear factor-*κ*B signal pathway in diverse inflammatory conditions \[[@B22]\]. Another prevailing hypothesis is that obesity, which has a close link with resistin, may cause increased loads on joint surfaces leading to cartilage wear, a risk for OA, suggesting that resistin may be related with OA through its metabolism functions \[[@B23]\]. Nevertheless, there exist some contrary conclusions and inconsistent studies about these discoveries \[[@B21], [@B24]\]. To perform a systematical meta-analysis to evaluate the connection between resistin expression and pathogenesis of OA is of great significance.

2. Materials and Methods {#sec2}
========================

This meta-analysis was conducted according to the guidelines of the preferred reporting items for systematic reviews and meta-analyses (PRISMA) statement on the quality of published systematic reviews and meta-analyses \[[@B25]\].

2.1. Search Strategy {#sec2.1}
--------------------

Potentially relevant studies were identified by a comprehensive search of the literature without language or country restrictions covering the following computerized bibliographic databases: MEDLINE (1966\~2014), Science Citation Index (1945\~2014), the Cochrane Library (Oxford, UK, Issue 12, 2014), PubMed (1966\~2014), Embase (1974\~2014), CINAHL (1982\~2014), and the Current Contents Index (1995\~2014). Three Chinese databases (Chinese Biomedical, 1978\~2014; the Chinese Journal Full-Text, 1980\~2014; and the Weipu Journal, 1989\~2014) were also applied to identify Chinese-language articles. We used the following medical subject headings and free language terms in conjunction with a highly sensitive search strategy: "stomach neoplasms" or "Osteoarthritis, Knee" or "Osteoarthritis, Hip" or "Osteoarthritis" or "knee osteoarthritis" or "spine osteoarthritis" or "hip osteoarthritis" or "spinal osteoarthritis" or "lumbar osteoarthritis" or "coxarthrosis" and "Resistin." Additionally, reference lists of the relevant studies were selected from the electronic debates and searched manually to find additional work.

2.2. Inclusion and Exclusion Criteria {#sec2.2}
-------------------------------------

To be included in the systematic review, retrieved studies had to be assessed for their suitability by meeting the following criteria: (1) the study was conducted within a human population and published in a peer-reviewed journal; (2) only case-control or cohort studies examining the association of resistin level in the pathogenesis in OA were incorporated into the meta-analysis; (3) all patients were confirmed to have OA in accordance with the definitions and classification provided by the Diagnostic and Therapeutic Criteria Committee of the American Rheumatism Association \[[@B26]\]; (4) the article must present original data and supply sufficient information on resistin levels; (5) if studies provided overlapping data, we would choose the study that had the largest number. The major exclusion criteria in this systematic review were (1) the article that did not satisfy the current inclusion criteria; (2) some publications presenting nonoriginal data, such as letters, editorials, abstracts, reviews, meta-analysis opinion papers, or proceedings; (3) unpublished sources of data; (4) duplicated publications or studies without extractable, numerical data; and (5) subgroup analyses of the included trials. With the help of these inclusion criteria, the title and abstract of all the articles were evaluated based on relevance. From the selected articles, the full texts were reviewed to decide their eligibility for inclusion.

2.3. Study Quality and Data Extraction {#sec2.3}
--------------------------------------

Two experienced reviewers independently assessed the methodological quality of the included trials using the critical appraisal skills program (CASP, Milton Keynes Primary Care Trust, 2002, Institute of Health Sciences, Oxford) to ensure consistency in reviewing and reporting results (available at <http://www.phru.nhs.uk/casp/qualitat.htm>). Each paper was assigned a level of evidence as follows: (1) at least one good systematic review; (2) at least one good randomized controlled trial; (3) well-designed interventional studies without randomization; (4) well-designed observational studies; (5) influential reports or expert opinion.

Two reviewers assessed the studies independently based on the inclusion/exclusion criteria mentioned before in the methods section. We used a standardized data form to collect the following descriptive information: surname and initials of the first author, the year of publication or submission, journal, source country, racial descent of study population, language of publication, study design, number of subjects, demographic variables of the subjects, sample used to detect the resistin levels, detection methods of resistin levels, resistin levels, confirmation of diagnosis, and so forth. Disagreement on the inclusion of a single study was settled by discussion or a third investigator was consulted.

2.4. Statistical Analysis {#sec2.4}
-------------------------

The effect size, represented by a standardized mean difference (SMD) for resistin levels, was calculated. A 95% confidence interval (95% CI) was calculated for the summary SMD bythe use of the *Z* test. A test for heterogeneity between trials included for each comparison was performed by the use of Cochran\'s *Q*-statistic and *I* ^2^ tests \[[@B27]\]. If the *Q*-test showed evidence of *P* \< 0.05 or the *I* ^2^ test exhibited \>50%, indicating maximal heterogeneity among the included studies, we performed a metaregression analysis with a random-effects model to explore the sources of heterogeneity. Otherwise, SMDs were pooled in accordance with the fixed-effects model \[[@B28], [@B29]\]. When significant heterogeneity existed, the differences in resistin levels (and 95% CI) were assessed for using subgroups with different explanatory variables. Additionally, sensitivity analysis was conducted to investigate the stability condition of our present results. By using a stepwise process, every study was individually omitted for the purposes of reflecting the effect of each individual paper and dataset on the pooled overall OR in our meta-analysis. Further, Egger\'s linear regression test with visual inspection of the funnel plot was applied to detect potential publication bias \[[@B30], [@B31]\]. Statistical analyses were conducted with the STATA statistical software (Version 12.0, Stata Corporation, College Station, TX, USA).

3. Results {#sec3}
==========

3.1. Description of Included Studies {#sec3.1}
------------------------------------

The combined electronic and manual search initially resulted in 32 potentially eligible articles. One duplicate study was removed, and then the retrieved studies were screened by title and abstract for relevance. 16 irrelevant articles were excluded. Then we systematically reviewed the remaining 15 articles with a full-text reading. Subsequently, 6 articles were deemed unsuitable and were therefore excluded; thus 9 articles were identified to be included in qualitative analysis. In addition, another 2 studies were excluded due to lack of data integrity after a more careful assessment of the remaining articles. Finally, 7 case-control studies consisting of 375 OA patients and 214 controls, including 3 sex-stratified analyses composed of 53 males and 104 females, were incorporated into the current meta-analysis with sample sizes ranging from 34 to 304 subjects \[[@B12], [@B21]--[@B24], [@B32], [@B33]\]. A flow diagram of the study selection\'s progression and the main reasons for exclusion is displayed in [Figure 1](#fig1){ref-type="fig"}. All eligible studies were published from 2008 to 2014 ([Figure 2](#fig2){ref-type="fig"}). Most enrolled papers showed moderate to high quality.

Of the 7 studies, all 3 sex-stratified studies were performed in Caucasian populations (Canada (Perruccio), USA (Massengale), and France (Gegout)). Blood samples were used to detection resistin levels by enzyme-linked immunosorbent assay (ELISA). Meanwhile, with respect to the 4 case-control studies, 2 studies were conducted in Caucasian populations (The Netherlands (de Boer) and Czech (Filkova)), while one was conducted among Asians (Korea (Choe)), and the final study was performed in a mixed ethnicity population (Beekhuizen). For the demographic variables, Choe et al. failed to obtain the gender information in both cases and controls while Filkova et al. lost the age information in both cases and controls. In addition, synovial fluid and blood samples were used to detect the resistin level with ELISA. Tables [1](#tab1){ref-type="table"} and [2](#tab2){ref-type="table"} showed the baseline characteristics and resistin levels of the individual studies.

3.2. Quantitative Data Synthesis {#sec3.2}
--------------------------------

In the meta-analysis, the following analyses were performed with a random-effects model for the evidence of *Q*-test and *I* ^2^ test (male versus female: *I* ^2^ = 93.6%, *P* \< 0.001; cases versus controls: *I* ^2^ = 96.9%, *P* \< 0.001, resp.). Additionally, based on the significant heterogeneity existing across the different populations observed in these studies, these groups of studies were stratified by country (male versus female: France, USA, and Canada subgroups; case versus controls: The Netherlands, Korea, and Czech subgroups, resp.). When concerned about the correlation between resistin levels and male/female OA subjects, results of the present study revealed that resistin showed significantly higher levels in male OA subjects in contrast to female OA subjects, according to the pooled SMDs in the three included studies (SMD = 0.45, 95% CI = 0.08\~0.83, *P* = 0.018). In addition, with respect to the difference in resistin levels between OA cases and the controls, findings in the current meta-analysis demonstrated that OA patients had considerably higher resistin levels than those in the controls; specifically, the pooled SMD of resistin levels between OA cases and the controls was 0.60 (95% CI = 0.43\~0.77) (*P* \< 0.001) ([Figure 3](#fig3){ref-type="fig"}).

In the country-stratified subgroups, the results only yielded significantly different estimates in resistin levels between male OA subjects and female OA subjects in the Canadian subgroup (SMD = 2.95, 95% CI = 1.97\~3.93, *P* \< 0.001), but a similar correlation was not observed in the French subgroup and the USA subgroup (all *P* \> 0.05). Based on the resistin levels in OA cases and controls, we found that resistin levels were heightened in OA patients in comparison with the controls in the Dutch population (SMD = 0.32, 95% CI = 0.10\~0.54, *P* = 0.004) and the Korean population (SMD = 2.20, 95% CI = 1.80\~2.59, *P* \< 0.001). This difference did not manifest in the Czech population (*P* \> 0.05) ([Figure 4](#fig4){ref-type="fig"}).

We conducted further sensitivity analyses to determine whether review conclusions were affected by the inclusion of a single study. Our findings suggested that no single study had an effect on the pooled SMDs in the current meta-analysis ([Figure 5](#fig5){ref-type="fig"}). Finally, Egger\'s regression test showed no evidence of asymmetrical distribution in the funnel plot in the association of resistin levels and the pathogenesis of OA (male versus female: *t* = 1.46, *P* = 0.382; cases versus controls: *t* = 1.20, *P* = 0.295) ([Figure 6](#fig6){ref-type="fig"}).

4. Discussion {#sec4}
=============

We conducted the present meta-analysis in an attempt to determine the connection between resistin expression and the pathogenesis of OA. The major findings of our meta-analysis indicated that resistin expression in patients with OA was significantly higher than those of healthy controls, implying that resistin expression may be closely related to the development of OA. Although accumulated evidence has demonstrated that various immunological and inflammatory mechanisms may be conductive towards the development and progression of OA, very little is known about the exact role of resistin in the pathogenesis of OA. Resistin is widely accepted as a member of the found in the FIZZ protein family and is generally secreted by human peripheral blood mononuclear cells \[[@B34]\]. In addition, resistin is also a dimeric protein generated by adipocytes and macrophages, capable of inducing insulin resistance in mice \[[@B35]\]. In human beings, resistin seems to play a more crucial role in inflammatory processes than it does in insulin resistance since serum resistin levels are linked more to subclinical inflammation than to insulin resistance \[[@B36]\]. Previous studies have reported that healthy mice injected in their knee joints with resistin exhibited an arthritis-like condition with leukocyte infiltration of synovial tissues, hypertrophy of the synovial layer, and pannus formation \[[@B37], [@B38]\]. More importantly, resistin is suggested to participate in inflammatory changes of OA systemically and locally due to the fact that resistin is observed in both serum and synovial fluid and its expression level is increased significantly after traumatic injury \[[@B22], [@B39]\]. In this regard, it is possible to hypothesize that resistin expression may be strongly connected with the pathogenesis of OA. In accordance with our findings, Choe et al. also found that resistin may be strongly associated with radiographic changes in hand OA, demonstrating that resistin expression may have an important role in predicting radiographic outcomes in patient with hand OA \[[@B22]\]. Gegout et al. also found that resistin may play a central role in initiating and promoting the development of OA and may be one of the major connections between metabolic disorders related with obesity and the destruction of joint cartilage \[[@B23]\]. Furthermore, our results illustrated that plasma resistin levels of male patients with OA were increased significantly compared with those of female patients, supporting the notion that males may be more prone to develop OA than females. In a previous study carried out by Massengale et al., the data indicated that the mean resistin of male patients with OA was 9.4 ng/mL, while that of female patients was only 7.3 ng/mL \[[@B32]\].

We comprehensively implemented subgroup analysis in order to further elucidate the potential relationship between resistin expression and the development of OA. The results of subgroup analysis stratified by country revealed that OA patients exhibited higher resistin expression in both Dutch and Korean populations. In addition, our findings showed that the resistin levels of male patients with OA were apparently higher than those of female patients in the Canadian population. In short, our discovery conformed to previous findings showing that resistin expression may be closely implicated in the pathogenesis of OA, suggesting that the detection of expression levels of resistin may be valuable in the early prediction of disease severity and prognoses of OA patients for the purpose of avoiding poor clinical outcomes.

Similarly, there did exist some limitations in the current meta-analysis that should be taken into consideration. First, even though we attempted to utilize the PubMed, EMBASE, and several other Chinese databases as completely as possible by performing our literature search, we may not have been able to minimize publication bias. Several unpublished papers and abstracts were not taken into account because the data required for the inclusion and exclusion criteria was unavailable. A second potential source of bias may be related to the method used to extrapolate the OR due to the existence of potential heterogeneity. Additionally, only studies that found significant results in univariate analysis performed multivariate analysis, though each study already adjusted for different covariates, and thus the pooled results may produce biases. Thirdly, although our search of eligible literature was conducted without language restrictions, only studies written in Chinese and English were included in the meta-analysis. Nevertheless, publication bias was not discovered when using Egger\'s test, indicating that the statistical data obtained from those included literatures may approximate the actual results. Despite the above limitations, this is the first example of meta-analysis on the association of resistin expression with the development of OA. Most importantly, our meta-analysis also displayed significant advantages. With the application of strict inclusion and exclusion criteria in our meta-analysis, the quality of studies included was satisfactory and strictly met those criteria. In addition, we also performed subgroup analysis by measuring extrinsic factors that may have an effect on the expression of resistin.

In conclusion, our meta-analysis indicated that high resistin expression was a strong predictor of all two comparison outcomes. The critical role of resistin in OA diagnosis may contribute to its clinical utility. Our conclusions, however, need to be confirmed considering the limitations of the present analysis. Further research with standardized, unbiased methods and larger sample sizes are required for deeper analysis.
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###### 

Characteristics of included studies focused on protein expression of resistin.

  First author            Year   Country           Sample size   Gender (M/F)   Age (years)   Method    Sample       CASP score                   
  ----------------------- ------ ----------------- ------------- -------------- ------------- --------- ------------ ------------ ------- ------- ---
  Beekhuizen \[[@B33]\]   2013   The Netherlands   18            16             172/262       340/292   71.7 ± 0.1   69.8 ± 0.1   ELISA   SF      6
  de Boer \[[@B24]\]      2012   The Netherlands   172           132            119/53        98/34     67.4 ± 8.4   56.5 ± 4.5   ELISA   Blood   8
  Choe \[[@B22]\]         2012   Korea             60            46             ---           ---       57.6 ± 6.3   61.6 ± 7.3   ELISA   Blood   7
  50                      46     ---               ---           57.6 ± 6.3     63.5 ± 5.5    ELISA     Blood                                     
  Filková \[[@B21]\]      2009   Czech             27            20             0/27          0/20      ---          ---          ELISA   Blood   6
  48                      20     0/48              0/20          ---            ---           ELISA     Blood                                     

M: male, F: female, ELISA: enzyme-linked immunosorbent assay, CASP: critical appraisal skills program.

###### 

Characteristics of included studies focused on protein expression of resistin.

  First author            Year   Country   Ethnicity    Male   Female   Age (years)   Sample        Method   CASP score   
  ----------------------- ------ --------- ------------ ------ -------- ------------- ------------- -------- ------------ ---
  Perruccio \[[@B12]\]    2014   Canada    Caucasians   33     45       61.4 ± 11.3   64.7 ± 10.1   Blood    ELISA        8
  Massengale \[[@B32]\]   2012   USA       Caucasians   5      39       72.6 ± 8.4    63.5 ± 8.3    Blood    ELISA        6
  Gegout \[[@B23]\]       2008   France    Caucasians   15     20       65.8 ± 7.7    71.1 ± 7.4    Blood    ELISA        7

ELISA: enzyme-linked immunosorbent assay, CASP: critical appraisal skills program.
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